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Abstract. High proliferative potential colony- forming cells 
(HPP-CFC) detected in clonal agar culture in the presence 
of the combined stimulus of colony-stimulating factor 1 (CSF- 
1) + interleukin 3 (IL-3) + interleukin l a (IL-1J are closely 
related to developmentally early progenitor cells capable of 
reconstituting the hemopoietic system of lethally irradiated 
mice following transplantation. Flow cytometric analysis and 
sorting of normal, unperturbed bone marrow has shown that 
HPP-CFC are B220" and 7/4", whereas the committed pro- 
genitors of the macrophage lineage responsive to CSF- 1 alone 
(CFCcsf-i) are B220" and 7/4 + . Negative immunomagnetic 
selection using an anti-7/4, anti-B220 antibody cocktail and 
second-antibody-coupled Dynabead microspheres to replace 
flow cytometry results in the highly reproducible and specific 
enrichment of HPP-CFC, and simultaneous resolution of 
HPP-CFC from CFCcs F .i. The tenfold enrichment of HPP- 
CFC compared with unfractionated bone marrow cell sus- 
pensions was comparable to that obtained by fluorescence- 
activated cell sorting. Enrichment was achieved with negli- 
gible loss of HPP-CFC at the immunomagnetic bead selec- 
tion step, and 65% of HPP-CFC were recovered. The method 
is rapid, highly reproducible, and efficient, and has wide ap- 
plication to the separation of rare hemopoietic cells from 
normal bone marrow. 

Key words: Hemopoietic stem cells — Immunomagnetic beads — 
Cell separation - HPP-CFC 

High proliferative potential colony-forming cells (HPP-CFC), 
which are detected in clonal agar culture by their ability to 
form colonies in the presence of the combined stimulus of 
the macrophage lineage-specific growth factor, colony-stim- 
ulating factor 1 (GSF-1), and other hemopoietic growth fac- 
tors, which synergize with CSF- 1 [ 1-3], are present in normal 
bone marrow at very low frequencies (<0.1%), and share 
pronerties associated with a cohort of multiDOtential trans- 
plantable hemopoietic cells with extensive hemopoietic re- 
constituting capacity [4J. 

Fluorescence-activated cell sorting of normal mouse bone 
marrow on the basis of the expression of the Qa-m7 antigenic 
determinant, for example, resulted in significant enrichment 
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of HPP-CFC, and cloning efficiencies up to 5% HPP-CFC 
were achieved [5]. By exploiting the relative resistance of 
HPP-CFC to the cytotoxic effects of 5-fluorouracil (5-FU), 
which results in a substantial expansion of the HPP-CFC 
population in regenerating marrow with an accompanying 
increase in the level of Qa-m7 surface antigen expression, 
preparations containing >20% HPP-CFC can be obtained 
[4], but recovery is low. 

In common with others attempting to prepare highly puri- 
fied populations of rare hemopoietic progenitors for further 
study, we have found that flow cytometric cell sorting is a 
very powerful analytical tool, but is limited in its preparative 
applications; in order to achieve high purity, target cell re- 
covery has to be severely compromised, and the time re- 
quired to sort substantial numbers of highly purified cells is 
prohibitive. 

Recently; monodisperse magnetic polymer particles spe- 
cifically intended for use in cell separative procedures have 
been developed and have become commercially available. 
Numerous reports have appeared in the literature confirming 
their efficacy in purging tumor cells [6-8] and lymphocytes 
[9] from bone marrow, and in isolating lymphocyte subsets 
from peripheral blood [10, 1 1] by both positive and negative 
immunomagnetic selection. The very low levels of nonspe- 
cific binding of these beads suggested that in conjunction 
with appropriate antibodies, immunomagnetic selection could 
be a useful preenrichment step, and in some- cases an alter- 
native, to fluorescence-activated cell sorting for the purifi- 
cation and enrichment of rare primitive hemopoietic pro- 
genitor cells such as HPP-CFC. 

Using antibody-conjugated Dynabeads (Dynal AS, Nor- 
way) and selected monoclonal antibodies, we have been able 
to resolve HPP-CFC from colony-forming cells of low pro- 
liferative potential responsive to the macrophage lineage- 
specific growth factor CSF- 1 alone. The enrichments of HPP- 

obtained by fluorescence-activated cell sorting but the re- 
covery of target cells is significantly higher. 

Materials and methods 

Preparation of murine bone marrow cell suspensions. Three- to 
4-month-old (C57BL/6J x DBA2) F, mice, bred and maintained 
under specific pathogen-free conditions at the Peter MacCallum Can^ 
cer Institute, were anesthetized (Fluothane; ICI Australia Operations 
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Proprietary, Limited) and killed by cervical dislocation. Marrow cells 
were flushed from the femoral shafts with cold HEPES-buffered 
balanced salt solution (BSS) containing 2% newborn calf serum bv 
using a 1 -ml syringe fitted with a 23-gauge needle. Groups of at least 
three mice were used per experiment. 

Monoclonal antibodies. The rat monoclonal antibody directed against 
the _7/4 murine differentiation antigen [12] was obtained from Dr. 

ri r , e' f ' r . u am Dunn Sch001 of Ethology, University of 
Oxford, England; the RA3.6B2 rat monoclonal antibody directed 
against the B220 antigen [13] was obtained from Dr. W. Langdon 
Walter and Eliza Hall Institute, Melbourne. These antibodies were 
obtained as tissue culture supematants, and were used at previously 
determined optimal concentrations after dilution in phosphate-buff- 
ered saline (PBS; P H 7.4, 290 mOsmol) supplemented wi!h 5% new- 
born bovine serum (binding buffer). 

Unconjugated or fluoresceinated affinity-purified mouse serum ad- 
sorbed F(ab ), goat anti-rat IgG was purchased from Kirkegaard and 
Ferry Laboratories Incorporated, Gaithersburg, Maryland. 

2s7< \°mf^' yS ' S and , Cell '? rti "S- Low-density bone marrow 
cells ( < 1 .085 g/cm>) were isolated by discontinuous density gradient 
centnfugation using Nycodenz (Nyegaard, Oslo, Norway) exactly as 

£77$ ^Vk 141 ,!? 1656 06,18 WCre Washed and Suspended 
TJ 7 J add1 " 8 equal volumes of binding buffer and 

anti-7/4 or ant.-B220 antibodies. Simultaneous labeling with both 
antibodies was performed by incubating the cells in equal volumes 
?L ? ilfl ^ pre P ara,ion - Aft er incubation for 30 min on ice 
^f"* were washed three times in binding buffer, resus^ 
pended and incubated with fluoresceinated second antibody for a 
further 30 min on ice. The cells were then washed a further three 
umcs. resuspended at lOVml in binding buffer supplemented with 
0.25% newborn bovine serum, and held on ice for flow cytometric 
analysis and cell sorting. • 

Cells with the predetermined light scattering properties of he- 
m S" C ,fT" 0rS [5] Were ^yze* and sorted at 4«C at a rate 
of 2000 cells/s using an Ortho System 50H Cytofluorograph with a 
2 1 50 computer system (Ortho Diagnostic Systems, Westwood Mas- 
sachusetts). Low angle forward light scatter and 90° light scatter were 
measured us.ng a helium-neon laser. Green fluorescence was mea- 
sured using a Spectra Physics series 2000 argon ion laser tuned to 
mTOfihl 3 P ° Wer ° f 400 T W ' and a fluore ^" isothiocyanate 
£d2dl e of a Tn 8 m ment ,ranSmittance a < *30 nm and a 

Preparation of immunomagnetic beads. Goat anti-rat F(ab'), IeG 
was covalently bound to uncoated monodisperse magnetic polysty- 
rene beads (M-450 Dynabeads) exactly according to the 5 - 
turer s instructions. 

Uncoated beads were washed in acetone and were activated by 
incubation for 20 h at room temperature with end-over-end rotation 
in the presence of 0.75 mmol pyridine and 0.3 mmol p-toluenesul- 
tonyl chloride per ml of undiluted bead suspension (4 x 10« beads/ 
ml) ,n acetone. The beads were collected using a Dynal magnetic 
particle concentrator (MPC-1), resuspended, washed three times in 

mM°HCl tran b " Ck 10 W3ter ' a " d resus P ended in "> ">1 of 1 

Covalent coupling of the antibody was performed by washing and 
resuspending the stored, activated beads in sterile distilled water and 
then adding an equal volume of antibody dissolved in 0.2 M borate 
«I^f.-iS J "! 3 c . oncentrat 'on of 150 M g protein/ml to achieve 

KSffiSS ^JLWS** Pf 1 5 m * «— . Following 

r vit 1KJl AA „ Vl ena-over-end rotation at 

room temperature, the conjugated beads were sequentially washed 
with 5-ml a iquots of ai M PBS (10 min); 1 M ethanolamine-HCl, 

nH i i T n T}°, )^ J Ween 20 (2 h); 005 M Tris i" 0. 1 M NaCl 
PH 7.5 with added 0.1% bovine serum albumin (BSA) and 0 1% 

Bsf A m tk h); 3nd 0 05 M Tris in °- 1 M NaC1 . PH 7.5 plus 0. 1% 
7 x n« L A e , C0 P UI %£ beads were then washed > resuspended at 
2 x I0» beads/ml in PBS supplemented with 0.25% newborn calf 

heT« * r° red , at 4 °° f ° r USC - 863(15 P re P ared in *i» way have 
been stored for >3 months without showing any loss of activity or 
specificity. ' 
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Negative immunomagnetic selection. Unless otherwise sneris , 
negative immunomagnetic selection was performed by incX,^ 
primary-antibody labeled cells with anti-rat IgG-coupled S°? 
4 C for 45 mm of end-over-end rotation at a predetermined btn 1 
cell rat,o. The test tube containing the bead-conjugated^ t^ 1 : 
sion was then placed in a Dynal MPC-1 magnet* Tpartide con^"" 
rator for 2 m.n. Bead-rosetted cells were attracted to the w a & 
tube and the unrosetted cells remaining in suspension w e t? 6 
vested using a Pasteur pipette. Cell counts and Recovery were " 
termmed prior to plating. ^ ere de " 

Growth factors and clonal agar assay. The macrophage lineaee «» 
cfic growth factor, CSF-1 (sp. act. approximately S xiffif 
protein) was purified from pregnant mouse uterus extract p—S 
•n this laboratory [14] using anti-CSF-1 immunoabsorben S 
chromatography [15] by E.R. Stanley (Albert Einstein Co£ of 
Medicine, New York). Purified recombinant murine interleuKn 3 

K v ■ CL ?a X 1 ? 6U/ ^Protein)[16]wasagmofDrs.A Ze 
and I. Young (Australian National University, Canberra), and iZ? 
fied human recombinant interleukin 1„ (IL-1„; 10' conversion assay 
U/„g Protein) was supplied by Immunex Corporation (Seattle Wash 
. ? °? T 6 USCd , 31 P redetermi ^d optimal concentra-' 

i mi J ?? ltUTe volume the an, ounts of factor were: CSF- 

1, 10^ U; 1L . 3) 25 U; and IL ^ 2 x 10« U 

rJr£°™ ted ^""fractionated bone marrow cells were assayed 
£ a C u^' a " d HPP - CFC csp-. + .u 3+ ,u,„ in a double-layer nutriem 
agar culture system using 35-mm plastic petri dishes (Bunzl, Camden 
Parte South Australia). The medium used in this study was the alpha 
modification of Eagle's minimal essential medium supplemented 
with vitamins (x 2 ), L-glutamine, and 20% newborn Zf ^S 

1 r^r^A lnCiuded in a '- ml under,av 3 final agar 
(bacto-agar; Difco, Detroit, Michigan) concentration of 0.5%. Target 

of 0 S w r u !?- 1 0 - 5 -™ 1 ° Ver,ay ^ a final agar concentration 
I r ,££ ure d ' shes were lncu bated for 12-14 days in a gas 

fi^°rmr°* 10% ? Ql ' and 83% N > Mact,v as Piously de! 
scribed [17] for optimal colony formation. 

Target cells were defined according to their responsiveness to growth 

aPP^F^ , ' If 'T proliferative Potential colony-forming cells 
(LFF-CFQ typically forming colonies of <0.25 mm in diameter 
containing approximately 50-5000 cells per colony HPP-CFC ' 
. + .l-3 +1l ., typically formed colonies of >0.5 mm in diameter, con- 
taming 50,000 cells or more per colony. 



Results 

Of the many monoclonal antibodies known to react with 
determinants present on murine bone marrow cells, two were 
selected that exhibited specificities conducive to negative im- 
munoselection of primitive hemopoietic cells. These were 
the rat anti-mouse monoclonal antibodies directed against 
7/4 antigen [12] and B220 antigen [13]. 

7/4 antigen is expressed on approximately 60% of murine 
marrow cells and is restricted to the relatively mature cells 
of the neutrophil/macrophage lineage [12]. Although data 
were not available on the distribution of this marker on 
hemopoietic progenitor cells, the available evidence sug- 
gested that primitive multipotential cells would be 7/4". 

The B220 antigenic determinant has been characterized 

more nrecisfdv it ;<• — j --• -- - . • ., , 

j-'wivu uiuy on cens oi the B-lym- 

phocyte lineage from the level of the pre-B cell to mature 
B-lymphocytes. Up to 40% of bone marrow cells are B220 + 
but transplantable multipotential hemopoietic cells including 
spleen colony-forming units (CFU-S) are B220~ [13, 18]. 

Flow cytometric analysis and sorting of low-density bone 
marrow cells of pre-determined light scattering characteris- 
tics demonstrated that 7/4 antigen (Table 1) and B220 an- 
tigen (Table 2) were not expressed on HPP-CFC CFC 
were also found to be B22Q- (Table 2); however, the majority 
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Me 1 Enrichment of normal bone marrow colony-forming cells 
T> !tiscontinuous density gradient centrifugation and cell sorting on 
^ basis of light scatter and 7/4 surface antigen expression 



Nucleated 

cell 
recovery _ 
(percent) 



Colonies per 2500 cells" 



CFC C 



HPP-CFC 



Unfractionated 

bone marrow 
Low-density cells 

Low-density cells se- 
lected by light scat- 
ter and fluores- 
cence 
Region 1 ^ 

> 7/4- 



7/4* 



7/4 + 



100 17.3 ± 3.0 

37.6 56.7 ± 2.2 
(123.3%) b 



3.7 ± 0.9 
10.0 ± 3.8 
(101.6%) 




0.5 


66.7 ± 17.6 


86.7 ± 8.8 




(1.9%) 


(11.7%) 


0.5 


43.3 ± 14.5 


53.3 ± 14.5 




(1.3%) 


(7.2%) 


0.5 


53.3 ± 8.8 


33.3 ± 3.3 




(1.5%) 


(4.5%) 


0.4 


200.0 ± 38.2 


26.7 ± 7.3 




(4.6%) 


(2.9%) 


0.9 


116.0 ± 16.5 


0.6 




(6.0%) 


(0.1%) 


1.6 


76.7 ± 12.5 


0 




(7.1%) 





'Means ± standard error of the mean (SEM) from a single experi- 
ment plated in triplicate. 

b Progenitor cell recovery: enrichment x nucleated cell recovery. 

did express 7/4 antigen (Table 1), and sorting on the basis 
of 7/4 antigen expression resulted in the resolution of HPP- 
CFC from CFCcsf-i. Approximately 24% of HPP-CFC were 
recovered in the 7/4 ~ fractions compared with <5% of 
CFCcsp.,, and the ratio of HPP-CFC to CFCcs^ increased 
from 0.2: 1 in unfractionated marrow to more than 1 : 1 in the 
7/4 - fractions. 

7/4" fractions were enriched 10- to 25-fold for HPP-CFC 
when compared with unfractionated bone marrow (Table 1). 
The recovery of HPP-CFC in B220" cell fractions (28.2%) 
was similar to that obtained in 7/4" cell fractions, but the 
enrichment of sevenfold HPP-CFC compared with unfrac- 
tionated bone marrow (Table 2) was somewhat lower than 
that achieved in 7/4" fractions. Because the 7/4 and B220 
determinants define different subsets of marrow cells, these 
results implied that a cocktail of anti-7/4 and anti-B220 an- 
tibodies would simultaneously resolve HPP-CFC from 
CFCcsp.,, and more effectively enrich HPP-CFC than either 
antibody alone. In these experiments HPP-CFC had been 
assayed using CSF-1 plus IL-3 plus conditioned medium 
from the 5637 human bladder carcinoma cell line as a source 
of hemopoietin 1 [19]. As a result of the demonstration by 
Mochi7.nVi al. [201 that hemopoietin 1 was identical to IL- 
l a , and confirmation of this finding in our laboratory [21], 
all subsequent experiments in this study were carried out 
using CSF-1 + IL-3 + IL-1„ as the stimulus for HPP-CFC. 

Optimal conditions for immunomagnetic bead depletion 
were established empirically by incubating low-density bone 
marrow cells with a cocktail of anti-7/4 and anti-B220 an- 
tibodies and determining the effect of varying incubation 
times (Fig. 1) and bead : cell ratios (Fig. 2) on nucleated cell 
recoveries, and the recovery of HPP-CFC. An incubation 
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Table 2. Enrichment of normal bone marrow colony- forming cells 
by discontinuous density gradient centrifugation and cell sorting on 
the basis of light scatter and B220 surface antigen expression 



Nucleated 
cell 



Colonies per 2500 cells 1 





recovery 
(percent) 


CFCcsp.i 


HPP-CFC 


Unfractionated 

bone marrow 
Low-density cells 


100 
17.1 


78.3 ± 3.4 
107.5 ± 8.0 
(23.5%) b 


6.3 ± 0.9 
17.5 ± 0.3 
(47.5%) 


Low-density cells se- 
lected by light scat- 
ter and fluores- 








cence 








B220" 
B220 + 


4.1 
1.0 


295.0 ± 25.7 
(15.4%) 
6.7 ± 4.4 
(0.1%) 


43.3 ± 6.7 
(28.2%) 
0 



• Means ± SEM from a single experiment plated in triplicate. 
b Progenitor cell recovery: enrichment x nucleated cell recovery. 



time of 45 min at 4°C with end-over-end rotation at a bead : 
cell ratio of 10:1 was found to be optimal and has been used 
routinely for normal bone marrow cell suspensions. Cell den- 
sities ranging from 10 6 to 10 7 per ml, or volume of cell 
suspension did not alter the effectiveness of the separation 
or the yield of cells obtained (data not shown). 

The in vitro colony-forming capacity of the marrow is not 
affected by incubation with primary antibodies or second- 
antibody-conjugated immunomagnetic beads alone, or by 
sham end-over-end rotation (Table 3). Recovery ofnucleated 
cells following incubation with the antibody cocktail aver- 
aged 95.7% in the five experiments illustrated in Table 3, 
and 86.7% ± 3.8% in the series of 25 experiments reported 
in Table 4. There is some cell loss on incubation with end- 
over-end rotation, but this is not significantly increased in 
the presence of anti-rat IgG-coated immunomagnetic beads 
(Table 3), illustrating that the cell losses observed are non- 
specific, and attributable solely to mechanical manipulation 
of the cell suspension. 

Flow cytometric analysis of low-density bone marrow cells 
incubated with anti-7/4 and anti-B220 antibodies and stained 
with FITC-conjugated second antibody showed that approx- 
imately 85% ofnucleated cells are 7/4 + and B220 + . In com- 
parison, negative immunomagnetic selection of anti-7/ 4- and 
anti-B220-labeled cells incubated with goat anti-rat IgG-con- 
jugated Dynabeads defines an average of 78.9% ± 1.6% nu- 
cleated cells as 7/4 + and B220 + . A comparison of the fluo- 
rescence intensity of anti-7/4-, anti-B220-labeled cells 
incubated with FITC-conjugated second antibody before (Fig. 
3a) and after (Fig. 3b) immunomagnetic bead depletion 
showed that the 7/4 + , B220+ cells remaining after immu- 
nomagnetic bead depletion only expressed low levels of these 
antigens. 

The effectiveness of negative immunomagnetic selection 
in enriching HPP-CFC from normal bone marrow is illus- 
trated in Table 4, which summarizes the results of 25 ex- 
periments. A major advantage of immunomagnetic selection 
is that, in contrast to cell sorting, there is no significant loss 
of HPP-CFC in the separative procedures after the density 
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Inp'roiniS^f — ^"tibody-conjuga.ed inununomagnetic bead incubation, and sh am end-over-^ ^ 



Control 

Anti-7/4 + anti-B220 

Goat-anti-rat coated beads (10-20 beads/cell) 
Sham end-over-end rotation 



Nucleated cell recovery 
(percent) 



Colonies per 2500 cells 



J 00 
95.9 ± 7.1 
69.6 ± 6.2 
77.6 ± 3.2 a 



Values are the means ± SEM of five experiments, each plated in triplicate. 

Only four replicates could be pooled. 
b Only three replicates could be pooled. 



CFCcsp. , 



83.3 ± 22.6 
85.9 ± 17.6- 
90.3 ± 18.2 
81.8 ± 19.7 b 



HPP-CFC 



10.5 ± 0.7 
8.0 ± l.4« 
13.1 ± 2.5 
10.1 ± 3.4 b 



50 



£ 40 

8 



30 



Z 

o 20 



10 




15 30 45 
Time (Mins) 



60 



Fig. 1. Determination of optimal incubation time for negative im- 
munomagneticbead depletion. Aliquots of low-density bone marrow 
cells were labeled with anti-7/4 and anti-B220 antibodies, and then 
incubated with anti-rat IgG-conjugated Dynabeads at 4°C end-over- 
end rotation at a bead: cell ratio of 15:1. Rosetted cells were re- 
moved, and cell recovery was determined at various intervals during 
incubation. 



gradient centrifugation step (0.8 < p < 0.9; Mest). Approx- 
imately 65% of HPP-CFC present in the unfractionated bone 
marrow cell suspension were recovered, in comparison with 
22% of CFCcsf.!. The tenfold enrichment of HPP-CFC over 
unfractionated bone marrow cell levels was comparable to 
that obtained by cell sorting, and the recoveries of HPP-CFC 
were threefold higher. 



Discussion 

Negative immunomagnetic selection using an anti-7/4, anti- 
B220 antibody cocktail is a rapid and efficient alternative to 
fluorescence-activated cell sorting for the partial enrichment 
and purification of primitive hemopoietic progenitor cells 
from normal bone marrow. The reproducibility and effec- 
tiveness of this separation technique is illustrated in Table 
A ., and is aou. supported by our experience in > 100 separa- 
tions forming a part of other studies now completed ([21, 
22] and Bertoncello et aL, in preparation) or in progress using 
normal marrow, and regenerating marrow from post-5 -FU 
treated mice. 

The advantages of negative immunomagnetic selection are 
numerous. There is no limitation on the number of cells that 
can be processed in a single separation, whereas enrichment, 



60 



* 50 



2 
o 

o 



40 



J 30 
o 

$ 20 



o 

I 



20:1 10:1 5:1 2.5:1 1.25:1 
Bead:Ceil Ratio 

Fig. 2. Determination of the optimal bead : cell ratio for negative 
immunomagnetic bead depletion. Aliquots of low-density bone mar- 
row cells were labeled with anti-7/4 and anti-B220 antibodies and 
then incubated with anti-rat IgG-conjugated Dynabeads for 45 min 
at 4 C end-over-end rotation at various beadxell ratios. Rosetted 
cells were removed and cell recoveries were determined 



recovery, and yield of target cells by fluorescence-activated 
cell sorting is contingent on time and the selection of sort 
parameters, which inevitably results in a compromise be- 
tween fold-enrichment and yield. Because of the specificity 
of the immunomagnetic beads and primary antibodies, en- 
richment of primitive progenitors is achieved with negligible 
loss at the bead depletion step (Table 4) and with concurrent 
resolution of these progenitors from committed progenitor 
cells of more restricted potential. 

The possibility of performing negative immunomagnetic 
selection without initial separation of marrow cells by dis- 
continuous density gradient centrifugation has been consid- 
ered, and was rejected for the following reasons. Although 
this appeared to be an attractive procedure that could coun- 
teract the loss of HPP-CFC at the density seoaration *t*n 
crythroiu cells would remain as a major contaminant, and 
the quantity of immunomagnetic beads required to achieve 
an optimal bead : cell ratio under those conditions would be 
prohibitive. 

Negative immunomagnetic selection can be used to pro- 
vide a partially purified population of highly enriched prim- 
itive progenitor cells from normal orpost-5-FU bone marrow 
[21] that can be stored frozen for the routine assay of he- 
mopoietic growth factor preparations. Because unlimited 



pertoncello et al.: Immunomagnetic Selection of HPP-CFC 



175 



b le 4. Enrichment and recovery 



of CFCcsf., and HPP-CFC from normal bone marrow by discontinuous density gradient centrifugation 



and negative immunomagnetic selection 



Nucleated cell recovery 
(percent) 



Colonies per 2500 cells 



CFCcsp 



HPP-CFC 



Unfractionated bone marrow 
Low-density cells 
Low density + immunomagnetic 
selection (7/4", B220~) 

Means ± SEM from 25 experiments each plated in triplicate. 
• Progenitor cell recovery: enrichment x nucleated cell recovery. 



100 
26.8 ± 1.1 



5.7 ± 0.5 




» 500 -{ 



— I — 
40 



I 

60 



20 40 60 80 100 

Forward Light Scatter 

Fig. 3. The effectiveness of immunomagnetic bead depletion is 
illustrated by comparing the dot display of fluorescence versus for- 
ward light scatter for low-density bone marrow cells labeled with 
anti-7/4 and anti-B220 antibodies and FITC-conjugated anti-rat IgG 
(A) before, and (B) after immunomagnetic bead depletion at 4°C 
end-over-end rotation at a bead: cell ratio of 10:1. Panel (C) is the 
dot display of bone marrow cells labeled with FITC-conjugated anti- 
rat IgG alone. 



quantities of unfractionated bone marrow can be processed 
in a single separation with relatively high enrichment and 
recovery of primitive progenitor cells, negative immuno- 
magnetic selection is a powerful preenrichment step for the 
further imiiuwmuu uf piimiuvc cciis by fluorescence-acti- 
vated cell sorting on the basis of other markers (Bertoncello 
et al., in preparation). The time required for cell sorting fol- 
lowing immunomagnetic selection can be reduced by fivefold 
or more for the yield of an equivalent quantity of purified 
progenitors obtained by cell sorting alone, and it is possible 
to prepare up to 2 x 10 6 , or more, highly purified cells for 
further study in this manner. 
The protocol described in this paper should be regarded 



35.6 ± 4.9 

71.7 ± 12.5 
(63.1% ± 8.4%)* 

103.4 ± 10.6 
(22.2% ± 4.7%) 



5.0 ± 0.8 
9.9 ± 2.1 
(67.7% ± 12.9%) 

50.0 ± 6.0 
(64.8% ± 7.6%) 



as a prototype method that will be refined as additional an- 
tibodies that can be added to the anti-7/4, anti-B220 cocktail 
are identified. Recently Kannourakis and Bol [23], and Kan- 
nourakis and Johnson [24] have demonstrated that human 
bone marrow progenitor cells could also be fractionated by 
immunomagnetic selection. 
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